In Japan, death from overwork ("karoshi" in Japanese) is the focus of social concern 1) . Extremely long work hours and deprivation of sleep exert vital exhaustion and mood changes, resulting in disease conditions such as depression and ischemic heart disease 2, 3) . As the prevention of diseases caused by heavy overtime schedules is a live issue in Japan, decisive and objective indicators are necessary for the early detection of irrecoverable damage to workers' health.
Young overtime workers, under forty, are often passed over by routine medical check-ups, nevertheless they have been suffering from shortened sleep and lack of effective rest 4) . Especially information-technology workers in Japan are involved in extreme overwork beyond daytime working hours in order to compete in the global market. Detailed health assessments should be carried out with a view to identifying and implementing measures to relieve adverse health effects in overtime workers.
The critical flicker fusion frequency (CFF) test is a suitable method for the measurement of short-term visual strain 5, 6) , however, few studies have indicated that CFF is sensitive as an objective measure of chronic fatigue. Therefore other convenient tools are required to detect exhausted workers at risk. Computerized static posturography has been used to examine balance function disorders, measuring displacements of the body's center of pressure by the use of a force platform during static upright posture 7) . The posturographic measurements are reportedly suitable for monitoring fatigue 8) . Since continued insufficient sleep can lead to inability to concentrate, perceptual changes and dizziness, we performed a quantitative study using postural sway parameters as the disturbance stimulation of foot pressure movement in order to evaluate fatigued conditions of overtime workers at the early stage.
The purpose of this study was to find medical evidence for the effects of extended working hours and short sleep time among younger workers under forty, and to recommend certain measures for their health assessment and control.
Methods

Study subjects
We selected overtime workers who had been engaged in computer work for less than 20 years (yr) in a Japanese information service company located in the central area of Tokyo. The company employed in total 1,020 workers (% of men=84, April 2003). The Ministry of Health, Labour and Welfare in Japan stipulates that 100 hours (h) of overtime or more over a one-month period and/or 80 h of overtime or more per month over a two-month period or more can be used as a threshold by which to measure whether work is excessive. Among the male workers who had met these standards based on the company payroll records during the periods from April 2003 to January 2004, two stratified groups of subjects in particular were examined, 14 longer overtime workers (mean age ± standard deviation; 29.0 ± 5.9 yr) and 20 shorter overtime workers (28.7 ± 5.5 yr), together with control subjects consisting of 26 office workers (32.1 ± 6.6 yr). The definition of the longer overtime work group was self-reported daily hours of sleep ≤5 as well as monthly overtime working hours ≥80 on average over the last six months, and the shorter overtime work group was daily hours of sleep >5 as well as monthly overtime working hours <80. Overtime working hours and sleeping hours were simultaneously considered for the group definition because our previous study showed that simple monitoring of working hours was insufficient to detect physiological and psychological fatigue symptoms; many workers reported to feel fatigued when they could not have enough sleep after working for a long time. The occupational health physician asked individual workers about their overtime work hours and confirmed that the answers were identical to the results of payroll records. Average sleeping hours per night during the last one week for each subject were double-checked with the selfadministered questionnaire and the occupational health physician's interview. The overtime workers were engaged in consultation, system integration solutions, and data management relevant to information-technology (IT). The distribution of working positions, sections and types of work were comparable between the longer and shorter overtime groups. None of them suffered from neurologic, otolaryngologic, orthopedic or vestibular disorders, or had a medical history of articular rheumatism, arthralgia, or diabetes mellitus. The control male subjects were recruited from healthy office workers whose working hours were around 40 h a week, regularly. Between the overtime work groups and the control, there were no significant differences in age, height, body weight, prevalence of smoking or proportion of alcohol users. The study was ethically approved by the Committee of Occupational Safety and Health of the company and all the subjects gave their informed written consent. Two workers refused to have a sway examination (one included in the longer overtime group and the other in the shorter group).
Sway measurements
The postural sway was measured between November 2003 and February 2004 on a flat hard floor by a trained nurse or a technician, using the Neuromotor Test System (CATSYS 2000, Danish Product Development Ltd, Denmark) 7) . The subjects were instructed to refrain from alcohol on the day before the survey. The measurements were done between 2 p.m. and 4 p.m. on Wednesday in a closed room maintaining at 24°C. The subjects were asked to stand quietly on a platform with their feet 1 cm apart, and with their arms at their sides. For each subject, postural sway was measured for 60 sec (s) with eyes open looking at a target about 2 m in front of them, and then for 60 s with eyes closed. Abnormal postural sway with eyes closed can be a diagnostic sign of vestibulo-equilibratory disorder or motor ataxia (Romberg sign). The movement of the force center in the XY-plane defined by the force plate surface was recorded in time and analyzed to provide sway area (SA: the area included within the sway path), and sway velocity (SV: the speed of the sway). The intraindividual variation of SA, estimated by coefficients of variation (CV), was 8.8 % on average (n=6, non-overtime workers), which was based on the 5 time measurements at the same time with three day intervals. The inter-individual results (CV with open eyes: 57%) differed more than the intra-individual ones.
Statistical analysis
The differences of SA and SV among the three groups were analyzed by analysis of variance (ANOVA) and the Kruskal-Wallis rank-sum test. The analysis of covariance was used to evaluate the differences in SA and SV between the longer and shorter overtime groups after controlling for height and age. All the statistical analyses were performed using the Statistical Package for the Biosciences (SPBS V9.5) 9) .
Results
The Romberg sign was not detected among the subjects. The Table presents the data of median and range for SA and SV when eyes were open with the results of ANOVA and analysis of covariance (ANCOVA). There was a significant difference in SA among the control, shorter, and, longer overtime workers' groups by ANOVA (p=0.011). Height and age-adjusted values of sway parameters were significantly larger in the longer overtime workers than in the shorter overtime workers (SA: p=0.014) and the controls (SA: p=0.002, SV: p=0.016), exclusive of insignificant differences of SV between the longer and shorter overtime groups (p=0.311). Because of the skewed distribution, the Kruskal-Wallis rank-sum test and ANCOVA with logtransformed data controlling for height and age were also conducted, and the significant differences in SA among the three groups were confirmed. A similar trend was observed in SA and SV under the condition of eyes closed, however the effect was not statistically significant (data not shown). For both SA and SV, larger values were obtained with eyes closed than with eyes open in all groups (p=0.014).
Discussion
Our study indicated a significant increase in postural SA and SV parameters with eyes open in the longer overtime workers compared to the controls. The parameters trended in the same way with eyes closed, *The longer overtime workers sway areas were significantly larger than those of the shorter overtime workers (p=0.014) and the control (p=0.002) by analysis of covariance adjusted for height and age. $ The longer overtime workers sway velocities were significantly larger than those of the control (p=0.016) by analysis of covariance adjusted for height and age.
and under that condition values and deviations were larger than those with eyes open, which were within the clinical normal range. In the present study group comparisons were statistically carried out controlling for height and age, because taller height brings the center of mass higher and could cause more oscillation 10) . Among the parameters for the postural balance, we selected SA and SV because SA has been the most popular posturographic measure, while SV is thought to be the most effective and reliable parameter reflecting the postural control system, as described by a few researchers 11, 12) . Regarding the results, SA with eyes open was more sensitive than SV to detect the longer and shorter overtime work effects in this study.
The criterion of sleeping hours was also included when defining overtime work groups, because the simple parameter of working hours might not thoroughly account for job-relating exhaustion conditions. Short sleep time could induce a multiplier effect with overtime work, and together they may be the most prominent source of physical and mental distress 13) . Chronic fatigue and circadian changes of central origin resulting from extensive overtime work and short sleep may induce a sympathodominant state which could affect postural responses 14) . Significant changes of cerebral nervous functioning like visual-evoked potential (VEP) latencies were observed in visual display terminal (VDT) workers in our previous study 15) . In an USA study, increased overtime work was reported to be associated with increased feelings of depression, fatigue, and confusion 16) . In the present study, depression and other mood states were also assessed using the Profile of Mood States (POMS), which gives scores for overall mood and six mood dimensions 17) , however, there was no difference in the POMS fatigue scale between longer and shorter overtime workers. In addition, we checked critical flicker frequencies (CFF) among the overtime work subjects, yet CFF thresholds were not different between the two groups, too (data not shown). The postural sway test can be useful as an ancillary tool in measuring the effects of fatigue objectively.
Although the SA and SV were measured under consistent conditions throughout the study, this was an exploratory study with a small sample size and its crosssectional nature does not permit us to draw any conclusions about causal relationships between overtime work and health status. An unrevealed overload of work may be hidden under the pressure of job demands and mask the causal inference in some workers. Moreover, the independent effect of neither overwork nor insufficient sleep could be demonstrated in this limited study design. Longitudinal comparative research will be needed to evaluate the effectiveness and reliability of the postural sway parameters in the chronic impact of overtime work. Nowadays in most Japanese IT companies, overtime work is unavoidable and extended working times without sufficient rest are still increasing. By referring to the unstable posturographic results, employers will possibly be able to take adequate steps to reduce the threat to workers' health impairment, as well as avoid accidents related to excessive workloads.
Conclusion
The longer overtime workers showed larger sway areas and sway velocity with eyes open, compared with the controls. It is suggested that SA and SV could be potential and convenient measures to detect early signs of distress related to excessive overtime work and consequent sleep insufficiency.
